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A new synthetic medium having negligible ultraviolet absorbance is described
for growing staphylococci in experiments requiring ultraviolet spectrophotome-
try of cell-free portions of the culture.
In studying the mechanisms of action of anti-
microbial agents acting on bacteria, tests for
leakage of cellular contents are widely used.
The detection of large amounts of 260-nm-ab-
sorbing substances in the filtrate of a culture
exposed to the antimicrobial agent under study
provides adequate evidence of damage to the
cell envelope. Obviously neither the antimicro-
bial agent nor the culture medium should ex-
hibit a high degree of ultraviolet absorptivity.
Although interference due to residual drug
may be eliminated by its physical removal, ab-
sorptivity due to the medium itself cannot be
easily differentiated from that of leaked cell
contents. A simple synthetic medium with neg-
ligible ultraviolet absorptivity of its own is in-
deed the obvious answer. Morris and Russell (3)
used a simple glucose phosphate medium for
measuring cellular leakage from Escherichia
coli by novobiocin. Staphylococci, however,
need more complex media; both Difco AOAC
synthetic broth and the liquid medium of Laue
and MacDonald (2) supported the growth of
staphylococci but exhibited a high degree of
ultraviolet absorptivity (Fig. 1). Presently at-
tempts were made to obtain adequate growth of
staphylococci in a synthetic medium having
minimal ultraviolet absorptivity at wave-
lengths between 350 and 250 nm.
In developing the synthetic medium, the
minimal medium of Davis and Mingioli (1) was
supplemented with several amino acids and
growth factors as listed in Table 1. Solutions of
each of these compounds were scanned for light
absorbance between 350 and 250 nm on a Hita-
chi-Perkin Elmer double-beam spectrophotom-
eter with glass-distilled ywater as the blank.
The concentration of each compound that gave
an absorbance of 0.02 or less in the 350- to 250-
nm range was chosen for inclusion in the me-
dium.
The ultraviolet light absorptivity of the SM4
medium was compared with that of the syn-
thetic medium of Laue and MacDonald (2) and
Difco AOAC synthetic broth, using distilled
water as the blank. The ultraviolet spectra of
these three media (Fig. 1) revealed that me-
dium SM4 had the lowest and negligible ab-
sorbance in the ultraviolet region.
A collection of 20 strains of Staphylococcus
aureus having diverse antimicrobial resistance
profiles (Table 2) was used for determining the
growth-promoting ability of this medium.
These 20 strains were individually subcultured
daily for 3 successive days in 10.0 ml oftryptone
soya broth (Oxoid). After the third passage, the
cultures were centrifuged at 4,000 rpm for 30
min. The cell pellets were resuspended in 5.0
ml of sterile physiological saline. Varying inoc-
ula (0.05, 0.1, 0.2 and 0.5 ml) from these "un-
washed" suspensions were each added to 5.0 ml
of membrane-filtered SM4 medium in dupli-
cate. One set was used for measuring the initial
absorbance at 450 nm (Abs0), and the other was
incubated at 370C for 18 h, at which time the
absorbance (Abs18) was measured again at 450
nm.
To subject the absorbance readings to statis-
tical analysis, Abs0 was subtracted from Abs18
for each culture. These corrected absorbance
values for each culture are shown in Table 2.
An analysis of variance of these absorbance
readings for each culture with respect to inocu-
lum size and antimicrobial resistance (Table 3)
showed that the growth of S. aureus in the SM4
medium was inoculum dependent but inde-
pendent of the antibiotic resistance.
Further confirmation of the growth-promot-
ing ability was determined by comparing the
doubling time of a multiply antibiotic-resistant
strain (PS84) with that of an antibiotic-sensi-
tive strain (62) in a growth curve study. Two
milliliters of inoculum, prepared as above, was
added to 50.0 ml of SM4 medium. Samples (3.0
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TABLE 1. Formula ofSM4 synthetic medium
Component Amt (g/liter)
DL-Aspartic acid 0.180
L-Valine 0.170
L-sodium glutamate 0.090
DL-f3-Phenylalanine 0.010
L-Proline 0.070
L-Arginine monohydrochloride 0.025
L-Histidine monohydrochloride 0.050
Glycine 0.050
DL-Leucine 0.050
L-Cystine 0.005
L-a-Alanine 0.080
Nicotinic acid 0.0002
Thiamine hydrochloride 0.00001
Sodium citrate 0.5
Ammonium sulfate 1.0
Magnesium sulfate 0.1
D-Glucose 2.0
Potassium dihydrogen orthophosphate 3.0
Dipotassium hydrogen orthophosphate 7.0
0.0
250 290 510 5)0U 39
Wavelength (nm)
FIG. 1. Spectral comparison ofSM4 medium with
other synthetic media. Symbols: (U) SM4 medium;
(A) Laue and MacDonald (2) medium (1:2 dilution);
(a) AOAC medium (Difco) (1:3 dilution).
ml) were removed at 3-h intervals up to 18 h
of incubation in a shaking water bath at 3700.
Viable cell numbers were determined in each
sample by using the surface plate method. Both
strains exhibited a doubling time of 77 min;
this confirmed the above observation that the
growth of staphylococci in the SM4 medium
was independent of the antibiotic resistance of
the strain. It may, however, be argued that the
method of preparing inocula, which did not in-
volve washing, failed to exclude growth due to
the carry-over from the nonsynthetic broth.
The possible role of traces of tryptone soya
broth, via the unwashed inoculum, in promot-
ing the growth in SM4 medium was studied by
measuring the duration of the lag phase and
doubling time of parallel cultures inoculated
with unwashed and washed suspensions; the
latter were prepared by further centrifugations
(thrice) of the unwashed suspensions before re-
suspension in saline. Strain PS84 was used in
this experiment. The ratio of inoculum to the
SM4 medium was 1:26. The cultures were ob-
served for 28 h under stationary incubation at
37°C to obtain accurate measurements of the
lag-phase duration. Viable counts of three
hourly samples were performed by the surface
plate method. Lag phase in cultures inoculated
with unwashed and washed suspensions lasted
for 10 and 21 h, respectively. Doubling time,
however, for both cultures was 80 min. These
results indicate that traces of tryptone soya
broth introduced with the unwashed inoculum,
if at all, did not enhance the doubling time. The
observed growth was therefore attributable to
the SM4 medium itself. Increased lag phase in
the culture inoculated with the washed suspen-
sion is possibly due to the handling of the cells
during washing.
The role of the carry-over of the nonsynthetic
medium during the experiments with un-
washed inocula was investigated in yet another
way. It was hypothesized that if the nonsyn-
thetic medium was carried over, then the un-
washed inoculum must significantly increase
the immediate ultraviolet absorptivity of the
SM4 medium; the nonsynthetic medium has
very high absorptivity. To test this, washed and
unwashed inocula from strain PS84 were intro-
duced into the SM4 medium; the ratio of the
inoculum to the medium was 1:26, same as used
in the growth curve experiment above. Immedi-
ately after the inoculation, the suspensions
were membrane filtered to determine the ab-
sorbance at 260 nm. The filtrates from uninocu-
lated SM4 medium, SM4 medium inoculated
with unwashed suspension, and SM4 medium
inoculated with washed suspension had absorb-
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TABLE 2. Growth of Staphylococcus aureus in SM4 medium using four inocula (absorbance at 450 nm)
Antibiotic sensitivity profile Strain no. Abs18 - Abs0
flO* 0.5 0.2 0.1 0.05
1 8 0.30 0.45 0.30 0.20
56 0.43 0.56 0.63 0.31
66 0.35 0.50 0.43 0.18
89 0.36 0.53 0.48 0.52
91 0.36 0.19 0.17 0.02
PS84 0.51 0.58 0.65 0.30
2 32 0.13 0.12 0.04 0.00
79 0.35 0.45 0.40 0.34
3 9 0.26 0.16 0.23 0.12
4 50 0.30 0.41 0.34 0.03
5 12 0.36 0.29 0.03 0.00
6 38 0.36 0.46 0.48 0.57
7 12 0.36 0.29 0.03 0.00
42 0.36 0.28 0.11 0.04
54 0.44 0.35 0.67 0.18
62 0.46 0.55 0.32 0.52
84 0.34 0.58 0.64 0.54
86 0.00 0.03 0.04 0.03
Oxford 0.48 0.57 0.65 0.29
NCTC 4163 0.44 0.31 0.09 0.00
a 1, Resistant to benzylpenicillin, erythromycin, streptomycin, and tetracycline; 2, resistant to chloram-
phenicol, benzlpenicillin, streptomycin, and oleandomycin; 3, resistant to benzylpenicillin, streptomycin,
and oleandomycin; 4, resistant to tetracycline and oleandomycin; 5, resistant to oleandomycin; 6, resistant
to benzylpenicillin; 7, sensitive to the above antibiotics.
b Milliliters of inoculum per 5.0 ml of medium.
TABLE 3. Analysis of variance: cultivation of Staphylococcus aureus in SM4 medium with respect to
inoculum size and antibiotic sensitivity
Source of variation Sums of Degrees of free- Variancesquares dom Mean squares Ratio P
Inoculum size 0.3539 3 0.1180 3.3 0.02-0.05
Antibiotic sensitivities 0.0039 1 0.0039 0.1 0.7-0.8
Interaction 0.0184 3 0.0061 0.2 NSa
Error 2.5464 72 0.0354
Total 2.9226 79
a Not significant.
ances of 0.068, 0.12, and 0.09, respectively; the
carry-over of the nonsynthetic medium, under
our experimental conditions, was not signifi-
cant. The observed growth is therefore attrib-
uted to the SM4 medium. The medium is con-
sidered suitable for growing staphylococci in
experiments demanding minimal ultraviolet
absorptivity of the culture medium.
LITERATURE CITED
1. Cruickshank, R. 1968. Medical microbiology. E. Living-
stone Ltd., London.
2. Laue, P., and R. E. MacDonald. 1968. Growth stimula-
tion of Staphylococcus aureus by L-cystine or L-djen-
kolic acid. J. Bacteriol. 95:2420-2421.
3. Morris, A., and A. D. Russell. 1970. Novobiocin-induced
leakage of intracellular substances form Escherichia
coli Microbios 5:3541.
NOTES 917VOL. 10, 1976
 o
n
 O
ctober 21, 2015 by University of Queensland Library
http://aac.asm
.org/
D
ow
nloaded from
 
